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Abstract — Beam fonning. including focusing, 
powo' splitting and steering, has been demon- 
strated using a two-dimensional leconliguiable 
a9)erture to alter the transmission of propagating 
waves. The airay consists of 5x5 unit blocks and 
each unit block contains 6x6 unit cells. Multiple 
beams, power splitting, beam steering angles of 
±30**, focusing to 3-dB beamwidtfas of 10**, and 
dcfocusing to diveigence angles of ±20^ are 
demonstrated. Optimization of beamwidth and 
focal length with varying array configuration for 
the focusing aidiitectuie shows a focal length of 
12.7X and a minimum beamwidth of lO"" at 5GHz. 

iNTRODUCnON 

Modem radar, communications and radio astron- 
omy require large-^>eTture antennas that are 
c^»ble of producing multiple beams for 
simultai^us transmitting, taigeting and tracking. 
Conventional beamforming networks employ 
power dividers and phase shifters to qslit tfie 
signal into multiple phased ou^Hits. For example, 
the Olobalsiar satellite enq^loys a 16-way power 
divider to feed a 91-clcmcnt phased array and ^ 
Iridium system uses 106 patdi elements to form 16 
beams for eaith coverage [1]. These architectures 
require isolators, filters and preamplifiers to 
maintain the signal-to-noise ratio for each element 
Furthermore, such systems enq)loy phase shifters 
based on siripline and waveguide technologies that 
are costly and complex. 

An alternate a|>pioach is the tiansmission-lype 
beamfomaer shown in Figure I. In conventional 
beamfonning netwoiks, the signals originate from 
the surface elements of the beamfomier itself. By 
contrast, the transmission-type beamformer altcts 
the i^iase of incident waves, generated by an 
independent source, as they pass through the 
transmission aperture. This design differs from 
reflection-type aichitectures [2]. Depending on the 
reconfigurable metal patterns in tiie path, the anay 
introduces phase shifts across the aperture to 
combine the waves coherently in the desired beam 



direction and shape. The array can l>e configured 
as a t>eam steerer, power splitter, lens. 
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Figure 1: A 900-element reconfigutable transmis- 
sion-type beamformer. The 30x30 airay is divided 
into 5x5 unit blodcs, each containing 6x6 unit 
ceUs. 

Concept and Dbsign 

The beamforaner, shown in Fig. 1, contains 900 
elements consisting of periodic metal meshes on 
dielectric substrate. A switch within each element 
changes the unit cell reactance to impart a binary 
phase shift to the propagation waves. The unit cell 
phase shift is inductive when the switch is closed 
and capacitive when die switch is open. The 
elements of the 30x30 array are grouped into 5x5 
unit blocks. Each unit block contains 6x6 unit 
cells. A single bias cimiit controls each unit 
block; thus, the switches of each unit block are 
either all on or all off, providing binaiy phase 
states. The new aidutecturc, utilizing unit blocks 
for beam fom:iing, reduces phase coupling 
tx^cen unit cells, optimizes beam resolution and 
simplifies cmtrol circuits. The 25 unit blocks are 
programmable for steering, splitting or focusing. 
The architecture could function redpiocally as a 
front end for a power combinii^ receiver or 
transmitter. This dlesigp promises to reduce bulk 
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and weight and improve fdiability over conven- 
tional beam forming networks by eliminating phase 
diifters and related components. Furthermore, the 
planar architecture makes it amenable to mooo- 
iithic fabrication for high frequent applications. 

A previous study [3] demonstrated the feasibility 
of tiansaiission-fype arrays for beam steering. 
Maximum £- and H-p!ane beam-steering angles of 
12.5** and 20** were obtained, respectively. PIN- 
diode switches resulted in transmission losses of 
6dB, whereas passive metal switches reduced 
losses to less than 2dB. Research is underway to 
develop monolithic microswitches [4] with pure 
metal-to-metal contacts diat promise to decrease 
insertion losses. 

The present study expands the transmission-type 
architecture to a large £^>erture for multi -function 
beamforming. In the design shown in Fig. 1, tiie 
unit cell period is 20mm and the widths of the 
inductive and capacitive metal strips are 2nun and 
12nnn, respectivdy. The strips are fabricated on 
opposite sides of the substrate to oj^mize binary 
phase states. The substrate has a dielectric constant 
of 2.33 and a thickness of 250pm. The method of 
moments predicts a shunt capacitance of 54.SfF 
and a shunt inductance of 7.8nU when the switch 
is open and closed, reflectively, providing a phase 
8hiftof42*at5GH2. 

MEASUREMENT Setup 

The array was illuminated with a transmitting horn 
connected to an HP83592C source with an output 
power of +18.0dBm. The power varied by less 
than 3dB over the array surface, providing uniform 
illumination across the aperture. A receiving horn, 
connected to an HP437B power meter, was rotated 
about the grid to measure cut-plane patterns in 
2.5** resolution over ±90®. The figures in this paper 
show the data between ±60° because the power 
levels beyond tfiis range were n^igibly small. 
The cut -planes are taken in 10^ increments over 
180** for constructing 3-D patterns. 

Planar Lenses 

The array was configured as a converging lens by 
setting the switches of the center unit block to the 
open state and closing the remaining switches. 




Angle, Degrees 

Figure 2: and H-plane patterns for ^e 
converging lens configuration. 

producing negative and positive phase Mt^s^ 
respectively. The leg^d in Fig. 2 shows flie 
phases of the 25 unit blocks. Waves passing 
through the positively phased region are advanced 
with respect to waves passing through the 
negatively phased region. This phase difference 
produces focusing. The 3-dB beamwidth of the 
main lobe varies from 10^ to 20** in the E- and H- 
planes» respectively* when the unit block size is 
6x6. 
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Unii Btock Size (a x n Unit Cells) 

Figure 3: Focal Ungjth and 3-dB beamwidth 
versus unit biock size of the converging lens. 
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Angle, Degrees 

Flgnre 4: Divetgmg lens patteros in the £- and 
iJ-plancs. The beam is defocused to ±2(r. 



The 3-dB beamwidth of the conveignig lens was 
investigated by varying unit block size and focal 
length. Focal length is defined as the distance 
between the array and the receiver at which the 3- 
dB beamwidth is a nunimiitn. Fig. 3 shows a 3-dB 
beamwidth of 10** for a unit block size of 6x6 and 
a .focal length o€ l2Jk, Larger unit block size 
preserves phase in the block and reduces phase 
coupling between adjacent blocks; however, this 
effect is limited by the fixed aperture size. Fig. 3 
shows an optimum Mock size of 6x6 for an array 
with 30x30 unit cells. The figure also diows that 
focal ienglh increases wi(h unit block size. 

Figure 4 shows die £- and H-pattems of tfie 
beamformer conliguicd as a diverging lens. The 
beam diverges by ±20*. This divergence is a 
maximum for a unit block size of 6x6. The 3-dB 
beamwidth in eadi main beam is Less than 12''. 

BeamSteerer 

The array was conliguted as a multiple-beam 
steerei by setting ttie unit blocks to the states 
shown in the legend of Fig. 5. This configuration 
combines the functions of both focusing and 
steering. The center beam is focused to beam- 
widths of 10* and 25° in the E- and U-planes, re- 
spectively, comparable to the focusing seen Fig. 2. 




Figure 5: 3-D pattern of the multiple-beam 
steerer. 
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Figure 6: Measured and dieoretical £- and H- 
plane patterns of the mu]tiple4>eam steerec 



The angles of the steered beams arc ±30* in the E- 
and H-planes. The powers of the steered beams are 
approximately 3 dB less than the center beam. 
Figure 6 shows the measured and theoretical £- 
and H-plane patterns of the multiple-beam steerei. 
The theoretical plots are based oo array theory [5]. 



587 



BEST AVAILABLE COPY 



I 

i H 

i 



si 



-IS 



-60-P 
-•0 



•30 



60 



Anglo, D«groaa 
(a) 



6(hk 



s 

s 

CD 

a 



•301 



60 



(b) 

Figure 7: Patterns of the ceconfigurabk four-way 
power splitter. 

Tbeory predicts beam-sleering angles of ±30**, 3- 
dB beamwidths of 10**, and a power difference of 
3dB between the steered and center beams. These 
calculations agree with measurements. Measure- 
ments show fewer nulls tfian theoiy, possibly due 
to limitations in Ihe resolution of the pattern 
mcasuiducnls. 

Power Splitier 

Ibc amy was configured as a power splitter by 
settiqg the switidies of four unit blocks to the open 
state as shown in fte legend of Fig. 7(aX The 
resulting pattern shows the peaks at ±20° in the £- 
and U-planes. The switdi states were then recon- 
figured to obtain the new pattern seen in Fig. 7(b). 



The peaks arc now switched to ±20^ in the 45*^ cut 
planes, demonstrating the functionality of the 
anay for beam switching. 

Conclusion 

A recontigurable transmission^type beamformer 
has been shown to produce beam focusing and 
defocusing, steering and power splitting. Optimum 
beamwidtfa and focal length of the focusing archi- 
tecture have been established at 5GUz. Anay 
dimensions will reduce to smaller scales at higher 
frequencies. The planar, transmission-type archi- 
tecture has the potential to reduce cost and com- 
plexity compared to conventional t^eamfooning 
networks and is suitable for monolithic batch 
fabrication for high frequency applications. 
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